Immobilization on the solid surface of anaerobic microorganism can improve biogas production. A study on the biogas production and the analysis of biogas-producing bacteria in natural zeolite and activated carbon-based media have been carried out. This research was aimed to find out the effect of solid media addition and to identify the bacteria species involved in biogas production under the anaerobic condition. The bacterial culture was carried out in batch anaerobic digesters for a 35-day incubation period. Three different composition of ring-shaped packing consist of natural zeolite (Z), activated carbon (K), and an equal mixture of natural zeolite and activated carbon (C) were added in an anaerobic reactor. Biogas as the product was analyzed with GC-TCD. Each of the bacteria's DNA in the media then isolated, amplified, and also purified to find out the intensity of each DNA band. Sequencing process was conducted for each purified DNA bacteria and the sequence result then translated by BLASTn program in the gene-bank NCBI. The highest methane concentration of 34.32% was obtained from reactor with natural zeolite media, then the mixed media added reactor provided biogas with 26.31% methane and the last reactor with activated carbon media showed the smallest value of 20.77% of methane. Sequencing result shows that Dictyoglomus thermophilum species was dominated on the surface of K-packing, Rhodopseudomonas palustris species was observed on the C-media, and Thermococcus litoralis was living on Z-media. SEM image was taken to confirm the results of DNA identification.
I. INTRODUCTION
All Organic waste as by-product of either large scale or small scale industry in Indonesia, which is commonly produced in a mixture of solid and liquid, can be transformed into energy source called biogas, with several treatments. Anaerobic digestion is one of the efficient way to produce biogas from organic waste. Anaerobic microorganisms play an important role in this process which each of them has a different role and character in the anaerobic digestion process  Manuscript received August 15, 2018; revised September 15, 2018. Chandra W. Purnomo is with the Chemical Engineering Department, Engineering Faculty, also in Agrotechnology Innovation Center (PIAT) Universitas Gadjah Mada, Yogyakarta, Indonesia (e-mail: chandra.purnomo@ugm.ac.id).
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Hydrolytic bacteria, acid producing bacteria, and methanogenic bacteria are the main microorganisms lived in the anaerobic reactor [2] . These three groups of bacteria work synergistically during the biogas production. Microorganisms-dependent process in anaerobic digestion resulting in a slow organic waste breakdown which requires a large scale organic waste treatment.
The recent trend in improving biogas efficiency is by adding immobilized media inside the reactor. The media can be in the form of porous or non-porous material with high surface for bacterial attachment. Usually the natural porous materials is preferred due to lower in cost and abundant availability such as natural zeolite and charcoal. By immobilized media addition, the bacterial population inside the anaerobic reactor can be improved and preserved. It also will prevent the biomass washout from the reactor with high loading rate.
In this study, three different media consist of natural zeolite, activated carbon, and bentonite were added to the anaerobic reactor. As the each anaerobic bacteria has a different role during the anaerobic digestion process, a DNA analysis to determine the species that is successfully grown in the media was conducted and followed by Polyacrylamide Gel Electrophoresis system (PAGE). This study aimed to find out the best media and to identify the bacteria species involved in biogas production under the anaerobic condition. It is expected that the anaerobic digestion produce methane as the major gas product with composition above 50% [3] .
II. EXPERIMENTAL
Immobilized media used in this study made of natural zeolite and bentonite (1:1), activated carbon and bentonite (1:1) and natural zeolite, activated carbon, and bentonite (1:1:2), then the ID of reactor added with each type of media are Z, K and C respectively. Carboxymethylcellulose (CMC) was added in each media as the plasticizer before extruded, cut into ring shape packing and calcined under inert atmosphere at 600 °C. The media incubated in anaerobic batch reactors (500 ml) for 35 days. Bacteria species in these incubated media were isolated based on Qiagen QIAamp® DNA Mini Kit protocol. The DNA amplification conducted with bacteria primer 357 FGC, 5-CGC CCG CCG CGC GCG GCGGGC GGG GCG GGG GCA CGG GGG GCC TAC GGG AGG CAG CAG-3 and 518R, 5-ATT ACC GCG GCT GCT GG-3 [4] . The DNA bands visualized by PAGE after purified and then sequenced. The composition of biogas from each lab-scale anaerobic reactor with different media then analyzed with Gas Chromatography-Thermal Conductivity Detector (GC-TCD).
III. RESULT AND DISCUSSION
Gas samples from each lab-scale anaerobic reactor with different media collected after 35 days incubation period. Biogas composition analyzed by GC-TCD and the result showed four similar peaks in each chromatogram (shown in Fig. 1 ) with retention time of 3.2 minute, 3.5 minute for CO, 5.7 minute for CH 4 , and 12.2 minute for CO 2 . Based on the column and detector (TCD) of the GC equipment, each peak estimation leads to the atmosphere, carbon monoxyde, methane, and carbon dioxyde. As shown in Table I , in general the addition of media will enhance the methane formation. The anaerobic reactor with the highest methane concentration was the one with natural zeolite-based media. Natural zeolite-based media has the ion exchanger properties which make this media can either accept or exchange ions and minerals from the reactor's environment into the media [5] . These ions and minerals act as prominent nutrition for bacterial growth. Moreover, the zeolite is also capable in adsorbing inhibitory substances for methane generation such as ammonia [6] . Removing inhibitor will enhance the biogas production and improving methanogen pupulation.
For carbon-based media, the methane concentration is lower than in zeolite. The carbon basically is good for a long run operation while zeolite could give impact in short period of time. It is previously reported that the carbon mobilized media can be used for about 6 months before replacement [7] . It is informed that, carbon addition can enhance the basicity inside the reactor which is good for methanogenic bacteria [7] . However, in a simple anaerobic reactor where the acidogenic and methanogenic process are mixed in the same pot the increase of pH will not affect so much since the acidogenesis prefer in a low pH environment. For zeolite, the positive effect of addition of the material can be seen in the two stage processes i.e. acidogenesis and methanogenesis since zeolite addition will not affect the solution pH [8] . Z-media has the highest amount of natural zeolite in its composition among all type of media, as high as 50% which another one only 25% (C-media). The difference in the natural zeolite composition creates a different pore size of medias which affects their molecular sieve properties. These properties give zeolite an ability to separate a specific gas component from heterogeneous mixture gas by its size (size exclusion) which another components absorbed by the zeolite [9] . Methane, carbon monoxyde, and carbon dioxyde have a different molecule diameter: 0.376 nm; 0.369 nm; and 0.330 nm respectively [9] . Carbon dioxyde has the smallest diameter that correlates to the smallest intensity of the peak in GC chromatogram which means this gas absorbed by zeolite in a high amount, and vice versa for the methane. Anaerobic reactor with natural zeolite-based media produced the highest methane concentration thus methane absorbed by zeolite only in small amount and implies that the higher the amount of natural zeolite in the media, the smaller the pore size. The DNA of each incubated media then analyzed by agarose gel electrophoresis first to examine whether the DNA isolation was done correctly. Fig. 2 .a. shows clear genomic DNA bands in 20,000 bp which belong to all bacterial community in the media. The code (K, C, and Z) refers to the same media type as written in Table I . Fig. 2.b . shows characteristic DNA bands in 700 bp from each media sample. Natural zeolite-based media has the highest DNA band intensity which theoretically represents amount of the biogas producing bacteria inside the media. The higher the intensity, the higher the amount of DNA, which means natural zeolite-based media contains the highest biogas producing bacteria colonies qualitatively. These purified DNA then sequenced in 1st BASE Singapore and the nucleotide sequences were translated with ClustalW2 and BLASTn. Table II represents nucleotide sequences of bacteria related to the PAGE bands. Both Dictyoglomus thermophilum and Rhodopseudomonas palustris are rod-shaped gram negative bacterias that have a chemoorganotropic properties [10] , which handle the organic macromolecules breakdown in the anaerobic digester process [11] . Thermococcus litoralis has the same gram type as both bacterias before, but it exists in a spherical shape which produces H 2 S as metabolic acid and also H 2 [12] . A suitable anaerob and rich in low density organic substrance environment raised up by this acidogenic bacteria, turns the anaerobic reactor into a best place for methanogenic bacteria to live in. Fig. 3 shows rod-shaped object on the surface of K and C and ball-shaped object on the Z media. It is strongly suspected that the objects are microorganism related to biogas production. The SEM images confirm the DNA identification method that Dictyoglomus thermophilum species on K-media and Rhodopseudomonas palustris on C-media are rod shape bacteria while Thermococcus litoralis on Z-media is round-shaped microorganism.
IV. CONCLUSION
It is found that the highest methane concentration that indicate the better reactor performance was shown by zeolite added media reactor. Meanwhile, the reactor with activated carbon media shows the lowest methane concentration in the produced biogas, while the mixture media was in between. The different dominant microorganism was found for each type of packing which all related to methane formation. It gives a hint that there could be an optimum combination among zeolite and AC packing inside an anaerobic reactor that will produce the highest methane formation.
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